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Since the writing of a previous article on "Piloting Vessels by
Electrically Energized Cables"' many improvements have been
made in the receiving apparatus for the piloting cable system.
These improvements have greatly increased the effective range
of the receiving apparatus which in turn reduced the power input
into the cable.

The object of this paper is to describe the improvements made
in the receiving apparatus and thereby add to the meager infor-
mation now available on the subject of piloting vessels by means
of electrically energized cables. The following paragraphs de-
scribe the different stages of development of the apparatus and
the general characteristics of the final model of piloting cable-
receiving equipment, which is now being given service tests in
the New York Harbor.

NEW LONDON EXPERIMENTS
During experiments conducted at the Submarine Base, New

London, Connecticut, an attempt was made to tune the receiv-
ing apparatus to resonance by means of a 0.0025 microfarad
variable condenser (air dielectric) inserted in series with the 240-
turn four foot (1.3 m.) square collector coil and the primary of
the first audio frequency transformer of the SE-1600 two-stage
audio frequency amplifier. A schematic diagram of this circuit
is shown in Figure 1. Due to the small value of capacity of the
condenser only a slight increase was noted in the strength of the
received signal from cable.

Efforts were made to obtain condensers of larger capacity
at the Submarine Base, but no condensers were obtainable that
were of a capacity less than 1 microfarad. Further experiments
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to improve -the apparatus were not attempted at New London,
in view of the lack of proper condensers and other laboratory
equipment.

PC
SE IWO AMPUP;E

FIGURE 1

NEW YORK EXPERIMENTS
The experimental work was continued at New York in

November, 1919, but because of defective cable installation and
the delay incurred in obtaining new cable and installing it in the
New York Harbor, the major part of the experimental work
was not undertaken until August, 1920.

During the interim between October, 1919, and August,
1920, various types of receiving circuits were evolved by the
writer for test by the New York Navy Yard, and arrangements
were made to test these circuits immediately when the cable
was available to determine the relative merits of each circuit.
In order to expedite the experimental work, the New York Yard
was requested to construct and test three types of coils having
400, 600, and 800 turns of number 20 double cotton covered wire2
wound on a wooden frame four feet (1.3 m.) square, to determine
which coil received the greatest power from the cable. When
tested the 800-turn coil gave twice the signal strength of the
400-turn coil and one-third greater strength than the 600-turn
coil. The results were in accordance with theoretical conclusions,
and showed that the problem was the same as any straight
electrical engineering problem and could be handled in the same
manner. Upon reviewing the results of these tests and after
noting the weight of the respective coils it was decided that the
400-turn coil would be best suited for the receiving system.
This decision was based on the fact that the 800-turn coil was
too heavy to be classed as portable and the loss of signal strength
when using the 400-turn coil could be easily made up by a slight
increase in power input in the amplifier. Having decided upon
the 400-turn coil, in view of its portability, measurements were

'Diameter of number 22 wire= 0.032 inch =0.082 cm.
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made to determine the impedance at 500 cycles of this coil. The
result of these measurements showed that the average impedance
of a number of 400-turn coils was 2,000 ohms.

Working on the principle of maximum power transfer from
one circuit to another, the Washington Navy Yard was requested
to manufacture an audio frequency amplifier, the primary of
the first audio frequency transformer of which was to have
an impedance of 2,000 ohms at 500 cycles. This primary was
to be connected direct to the collector coil and thereby produce
an ideal condition for the maximum power transfer inasmuch
as the collecting and input circuits were of equal impedance.

To check the theoretical conclusions of the efficiency of the
new circuit, experiments were conducted on board the United
States steamship Algorma, with the new tvpe amplifier and the
regular SE-1600 two-stage amplifier in conjunction with the
400-turn coil. The primary of the first audio frequency trans-
former of the SE-1600 amplifier when measured was found to
have an impedance of 30,000 ohms at 500 cycles. The outcome
of the tests on the Algorma showed that when directly over the
piloting cable, the audibility of the received signal when using
the SE-1600 amplifier was 500, while when using the new type
amplifier the audibility recorded was 10,000 or an increase of
1,900 percent.

The excellent results obtained with the new circuit caused
the writer to investigate the cause of the efficiency of the circuit,
and especially to consider the idea that the great increase was
due to the use of equal impedance in the collecting and input
circuits. Upon closer study of the circuits it was noted that one
other factor had to be considered, namely, the step-up ratio of
the transformer. The step-up ratio of the new transformer was
found to be one to ten while the original transformer had a ratio
of one to three. Considering the increased step-up ratio of the
new transformer as producing approximately three times the
original voltage on the grid of the first vacuum tube, it may be
granted that the use of equal impedance was responsible for the
greater part of the increased signal strength and therefore is of
importance in the design of piloting cable receiving equipment.

The encouraging results obtained with the new circuit led
the writer to suggest a further improvement in the equipment
wherein another attempt should be made to tune the circuit to
resonance by means of a suitable condenser placed in series with
the primary of the transformer and the collector coil as shown
in Figure 2. The total inductance of the collector coil and the
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primary of the transformer was measured and the value sub-
159.2

stituted in the formula, F= L c, where F is the frequency of

the received signal, L the total inductance in henrys, and C the
capacity in microfarads, in order to obtain the value of capacity
needed for tuning the circuit to resonance at 500 cycles. The
result of substituting the value of the total inductance in the
formula showed that a 0.05 microfarad condenser would be re-
quired to tune the circuit to resonance.

L.:
.FIGRER1 2

Experiments were again conducted on board the Algorma
to determine the value of tuned circuits. In order to obtain
low audibilities of received signals from the cable for comparison
purposes, it was necessary for the Algorma to operate close to the
channel buoys, which position was approximately 1,100 feet
(360 m.) from the piloting cable. In this position with the equal
impedance circuit the audibility of the received signal was ten,
when while using the tuning condenser the audibility was in-
creased to 100 or an increase of 900 percent. During these
experiments it was noted that there was an optimum position
for the coils with respect to the side of the vessel and this position
is shown in Figure 3, at an angle of fifteen degrees to the side
of the vessel. In this position the beneficial shielding effect
of the hull of the vessel assists to a great extent in sharpening
the differences in strength of received signals from the respective
collector coils and thereby telling the operator which coil is
nearer to the cable. The close proximity of the coil to the steel
hull of the vessel was thought to have an effect on the proper
tuning of the circuit by increasing the inductance of the coil,
but because of the lack of time this subject was not investigated,
especially since the signal received with the new equipment was
sufficient for all practical needs.

During the experimental work with the tuned circuit, signals
were heard at a distance of 1,000 yards (980 m.) from the cable,
which was supplied with the usual current flow of three amperes.
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This distance is a very important factor from a navigational
standpoint, for with a given radius of 1,000 yards from the cable
it will be comparatively easy for the pilot or person conning the
vessel to pick up the cable, which previously was not possible
with the old equipment, due to the limited range of the receiving
equipment.

FIGURE 3

DESCRIPTION OF APPARATUS
Having satisfactorily developed the receiving apparatus to

meet service requirements, the New York Yard was instructed
to proceed with the design of the equipment, which would incor-
porate a two-stage audio frequency amplifier and a special
switching device, which device would allow the use of one or two
stages of amplification and the tuning condenser.

A front view of piloting cable receiver is shown in Figure 4.
As shown, the receiver is placed in a watertight container and
has only two switches (2) and (3); switch (2) connects either the
port or starboard coil to the receiver while switch (3) connects
the coil to the telephones in the "Off" position, one stage of am-
plification in position (1), two stages of amplification in position
(2) and two stages of amplification with tuning condenser in
position (3). Vacuum tube plate batteries, one spare vacuum
tube, and a spare ballast lamp for the filament circuit are included
in the container, the only external accessory being the 6-volt
storage battery for supplying current to the filaments of the
vacuum tubes. This battery can be placed in the chart house
and connected to the receiver by armoured cable thru the middle
stuffing tube shown in the lower part of the receiver.

The collector coils are suspended over the opposite sides of
the vessel by the means of a special fitting which is shown in
Figures 5 and 6. This fitting renders the coils portable and
easy to handle when entering and leaving port. Armoured cable
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connects the coils with the two other stuffing tubes in the base
of the receiver, and from there to the respective binding posts
on the panel. The cable connection to the coil is made with a
special watertight box which is situated on the upper part of the
coil. Thq two binding posts at the bottom of the receiver
marked "Telephone" connect to the telephone receivers, which
can be stowed in the compartment under the panel. The

FIGURE 4

interior of the receiver is accessible for renewal of batteries, and
so on, by removing knurled nuts on the front of the panel and
pulling the panel forward until it stops.

Ballast lamps are used in the vacuum tube filament circuit
and automatically regulate the current flow over a voltage
range from 4.5 to 6.5 volts, so that the current is maintained at
0.65 ampere for each tube. These lamps eliminate the usual
rheostat and trouble experienced due to the tendency of oper-
ators to burn the filaments at a greater brilliancy than is neces-
sary for reliable operation, thus shortening the life of the tubes.
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FIGURE 5

CONCLUSIONS
The piloting cable receiving equipment in its present form

fulfils all the requirements for the aural method of reception.
The use of two stages of amplification with the tuning and equal
impedance features covers reception of signals when first picking
up cable at entrance to harbor, while the application of one or
two stages of amplification is sufficient for following the cable
into the harbor either by steering directly over the cable or to the
starboard side of cable at any desired distance.
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The switching devices on the receiver are simple in operation
and easily mastered by the average person, while the ballast
lamps render the apparatus foolproof. The watertight con-
tainer permits the installation of the receiver at any part of the
bridge where easy access is had to the equipment when needed.

FIGURE 6

Using the four-foot (1.3 m.) 400-turn coils with receiver, no
additional apparatus is necessary for entering any harbor the
channel of which is not deeper than 200 feet (60 m.). The equip-
ment is easy to install and of such size as not to interfere with
other structures on board ship, while the coils can be rigged over
the side when in use and stowed awav when alongside dock or
at sea.

Altho the equipment described is satisfactory for immediate
application as an aid to navigation it may be stated that many
iinprovements will be made on this equipment in the near future,
but such improvements will generally consist of refinements of
the basic equipmeint described in this paper.

The extreme simplicity of the apparatus and the ease by
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which it is applied to navigation are factors which favor the
early adaption of the system and the only factor which will
retard its early adaption is the present absence of cable installa-
tions in the different harbors other than New York Harbor.
The future installation of cables in the important harbors will
most likely be undertaken in the near future, when further in-
formation is obtained on the operation of the new cable which
is to be installed in the New York Harbor during the month of
August, 1921.

Word has been received from England and France telling
of the advance made with the piloting cable system and of the
installation of permanent cable systems in certain harbors of
these countries. This news is gratifying inasmuch as it shows
the importance of the application of the systenm and promises a
great future for this new aid to navigation It is the opinion of
the writer that the piloting cable system will soon take its place
with radio telegraphy and the radio compass as one of the chief
aids to nagivation.

In concluding the writer desires to state that this work was
conducted under the supervision of Commander S. C. Hooper,
U. S. N., of the Radio Division, Bureau of Engineering, Navy
Department, and that the writer and Expert Radio Aid, H. J.
Lang, of the New York Yard, were instrumental in developing
the apparatus to its present state.

SUMMARY: The further development of an aural receiver for the piloting
cable system of guiding ships into harbors is described. In particular, the
choice of a detecting coil of the most desirable number of turns, the proper
choice of transformer input impedance and step-up ratio, and the use of audio
frequency tuning of the coil circuit are discussed. The design of the latest
coil, receiver, and amplifier is given.
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